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 Protein denaturation and enzyme deactivation can be prevented by sugars 
and/or polyols. The preservative action of these additives has been widely 
utilized in various fields, including biochemistry and food preservation. Water 
is always involved in hydrogen bonding, hydrophobic interaction, and 
electrostatic interaction, which are the main stabilizing factors of proteins. 
Therefore, it is reasonably considered that these additives prevent 
denaturation through suppression of perturbation of the hydration structure 
of the protein. In spite of many experimental studies of the effects of sugars 
on protein structures, using various methods such as densitometry, 
calorimetry, circular dichroism, NMR, etc., there is little direct evidence 
concerning the interaction between protein and solvent. Therefore, we cannot 
say that the function of sugars has been fully elucidated yet. The mechanism 
by which proteins fold into their native structures is also still one of the 
important problems in biology. Stability of proteins in aqueous solutions is 
affected by the addition of salts and neutral substances and also by the 
changes in temperature and pressure. However, because it was practically 
difficult to experimentally observe the structure of a particular protein in 
concentrated solutions in which large amounts of co-solutes exist, most of the 
experimental studies of protein unfolding folding were conducted under 
dilute-solution conditions. 
 In the present study, by using synchrotron radiation wide-angle X-ray 
scattering (WAXS) and small-angle neutron scattering (SANS) methods, I 
have succeeded in obtain a direct evidence of the effect of sugars on a protein 
structure and hydration. In addition, I elucidated the effect of sugars on the 
structural transition of a typical globular protein "myoglobin" under chemical, 
thermal and acid denaturation conditions. Different types of sugars such as 
disaccharides (trehalose, sucrose) and monosaccharides (glucose, fructose) 
were used. 
 Overviews about the protective effect of sugars on living organisms and 
proteins were described in Chapter 1 as introduction. The properties of 
myoglobin, amyloid fibril, and trehalose used in the study were also described. 
The experimental methods were described in Chapter 2. The overview of the 
facilities used in the study and the basic theory of scattering were explained. 
In addition, the background processing method of WAXS data, the evaluation 
methods of Guinier analysis, distance distribution function and the 
transition-multiplicity analysis (TMA) method developed by our laboratory 
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were also described. 
 Discussions were described in Chapter 3, 4 and 5. The effects of trehalose 
and glucose on protein hydration-shell clarified by the complementary use of 
WAXS and SANS were described in Chapter 3. The experimental results were 
discussed in detail using the theoretical scattering function simulations. In 
the theoretical calculations, I assumed the following models that can happen 
on the protein structure and its hydration- shell caused of the presence of 
sugar. In the preferential solvation model, sugar molecules were replaced 
with hydration-shell water molecules of protein by the preferential solvation 
effect. Such replacement would result in the increase of the scattering density 
of the hydration-shell of protein. In the preferential exclusion model, sugar 
molecules were preferentially excluded from the hydration- shell of protein 
due to the hydration repulsion force. This is called the preferential hydration 
of proteins and would appear as the preservation of those hydration-shell 
densities. The WAXS results clearly indicated that the exclusion of sugar 
molecules from the protein surface was dominant at the sugar concentration 
lower than 25% w/w. The action of the preferential exclusion of trehalose and 
of the preservation of the protein hydration-shell was more dominated than 
in the case of glucose. The SANS results by using deuterated glucose clearly 
indicated that the hydration-shell density is almost constant in spite of the 
increase of the glucose concentration. The results strongly supported the 
WAXS results that sugar molecules are preferentially excluded from the 
hydration-shell region of the protein. 
 In Chapter 4, I expanded the study of Chapter 3. In addition to the effect 
on the hydration-shell of protein, the protective actions of sugars against the 
chemical denaturation and thermal denaturation were investigated by using 
trehalose, sucrose, glucose and fructose. The neutral solvation model was 
added as an intermediate between the two models in Chapter 3. Experimental 
data and theoretical simulation based on three different solvation models 
indicated that sugar molecules were preferentially or weakly excluded from 
the protein surface and preserved the native protein hydration shell. This 
tendency was more evident for disaccharides. The preferential exclusion 
shifted gradually to the neutral solvation at higher sugar concentrations. The 
protective actions of sugars against the chemical denaturation by guanidine 
hydrochloride appeared at > 5% w/w sugar concentration. Then, sugars 
especially protected the secondary structure of protein. Moreover, the 
addition of sugar increased the temperature of the thermal structural 
transition of myoglobin by about 4-5 °C for all hierarchical structural levels, 
although the amyloid formation was still caused by the thermal transition. 
This thermal stabilization also suppressed the oligomerization of amyloids. 
The present results clearly suggested that sugars intrinsically protect the 
native structure of proteins against chemical and thermal denaturation 
through the preservative action of the hydration shell. 
 In chapter 5, the effect of trehalose on the amyroid fibril formation by the 
acid denaturation of myoglobin was studied. Myoglobin was known to be 
involved in amyloid formation accompanying the helix-to-sheet transition 
under denaturation conditions. In this study, I obtained evidences that 
trehalose was able to revert the early stage of amyloid transition of myoglobin. 
Specifically, the cross-beta structure and the stacked beta-sheet mostly 
returned to the native structures by the presence of trehalose. 
 In chapter 6, summary of the present study was described. 
